industrial consumptions are EGEE 1,200-1,800 tons and ethylene glycol monoethyl ether acetate (EGEEA) 5,000-8,000 tons annually 8) . About 90% of EGEE are used in the coating industries, i.e. in the manufacture or use of paints, inks, and thinner. EGEEA is used especially in the silk-screening shop as diluent or detergent in Taiwan 9) .
The toxicity of lower molecular weight E-series glycol ethers and their acetates haven been extensively studied and found to have hematological, neurological, reproductive and teratogenic toxicity in both animal and human subjects 7, [9] [10] [11] [12] [13] [14] . But little is known about hepatic effects of EGEs. For instance, the animal results of hepatic effects have been limited and inconsistent among studies 1, 6, 15, 16) . Similarly, only four EGEs related hepatotoxity studies on human subjects were located in the English literature. Three are case reports in the early literature dealing with accidental poisoning. Such reports provided few, if any, information about hepatic effects of EGEs [17] [18] [19] . The last one is our recent published crosssectional study suggested that ethylene glycol monomethyl ether (EGME) is not a hepatotoxin in two copper-clad laminate-manufacturing factories in Taiwan 20) . However, the toxicities of E-series glycol ethers are not equal, generalization must be made with great caution 15, 21) . The objective of this study was to investigate the hepatic effects and inducibility of γGT among workers exposed to EGEEA in a silk-screening shop in Taiwan. This is of importance not only because paucity of hepatic results but also no consistent patterns of hepatic injury for this widely used hazards.
Subjects and Methods

Operation processes and study population
The operation processes of this silk-screening shop have been described elsewhere 9) . Briefly, the silk-screening shop has fifteen printing lines. Four are automatic and the eleven are manual. In automatic printing lines, workers spent 70% of their work time in a control room with fresh air supply. For the manual printing lines, workers stayed 8-h a day in the printing machine. Heavy physical work loading of compiled screen sheet lifting and moving was needed in automatic printing lines. Automatic printing lines were mainly operated by male workers, while manual printing lines were mainly operated by female workers. The printing workers have to mix the solvents with inks and to clean the printing machine with solvents. The main component of screencleaning solvent is EGEEA. The amount of EGEEA used in this factory was about 1,000 kg per month. In addition to EGEEA, these workers may expose to small quantity of methyl isobutyl ketone (MIBK) and toluene. All 29 workers (17 males and 12 females) from the printing departments with direct exposure to EGEEA by inhalation or skin contact were recruited as the high exposure group. Another 57 workers (30 males and 27 females) from administration, designing, and sales departments with indirect and low exposure to EGEEA were selected as the comparison group (referents). Informed consents were obtained from all of the participants.
Data collection
This study was approved by the Institutional Research Board, and obtained informed consent from each participant. A self-administered questionnaire was used to collect relevant personal characteristics. Subjects reported age, height, weight, educational level, nutritional history, past and personal disease history, alcohol drinking and smoking, drug history, detailed occupational history (such as job history, job classification...), and regular use of personal protectors. Approximately 10 ml blood sample was collected from each participant from the cubital vein for biochemical examinations. Biochemical examinations including the tests of AST, ALT, ALP, γGT were examined in this study. Hepatitis B Virus surface antigens (HBsAG) was evaluated by commercial kits (Vitros.ECi, Johnson & Johnson, Raritan, USA). Forty-four randomly selected blood samples were split and sent to a second hospital to analyze the AST, ALT, and γGT values as the check up of quality control.
In addition, one follow-up of the liver function profile (AST, ALT, ALP, γGT) was done two years after the first survey.
Environmental monitoring
The sampling method of EGEEA in this silk-screening shop was described elsewhere 9) . Briefly, 3M 3,500 passive samplers were used for 8-h personal sampling. Eighthour time-weighted average (TWA) samples were collected for 29 high exposed workers in printing and cleaning department (high exposure group) and 26 workers in the designing room (low exposure group). The passive badge was then desorbed in 1.5 ml of mixed solvent of 95:5 (v/v) dichloromethane and methanol. After 40 min of shaking, the desorbed EGEEA was analyzed using a gas chromatograph (Hewlett-Packard 5890 Series II, CA, USA) equipped with a HP 7673A auto-sampler and a flame ionization detector (FID).
Statistical analysis
SPSS 8.0 Window version software (SPSS; Chicago, IL) was used for the analysis. Mean, and range of liver function profiles and environmental monitor data, and the distribution of personal characteristics (e.g. age, gender, BMI, alcohol consumption.....) were examined. Student's t-test and χ 2 test were used to compare the difference between the exposed and comparison groups. Test for equality of variance was performed for Student's t-test and adjusted variance and degree of freedom were applied if the variance were not equal. Non-parametric statistic, Mann-Whitney U test, and Fisher's exact test were used in comparison of biochemical parameters stratified by gender due to small sample size. Multiple linear and logistic regressions were used to examine the net effects of EGEEA exposure on hepatic dysfunction adjusted for potential confounders. Generalized Estimating Equation (GEE) model was used for comparison of repeated measurement between exposed and comparison groups.
Results
Environmental monitoring data
The air concentration of EGEEA of high exposure group in this shop is 7.41 ± 1.62 ppm (geometric mean ± geometric SD) (n=29), with maximum of 16.5 ppm and minimum of 1.35 ppm 9) . The air EGEEA concentration in the low exposure departments of this shop was 0.07 ± 5.48 ppm (n=26), with maximum of 3.62 ppm and minimum of non-detectable 9) . The mean EGEEA concentration in the high exposure group was over the current permissible exposure limit (PEL) of 5 ppm in Taiwan, some workers, especially the printing and screen-cleaning workers, were exposed to high concentrations of EGEEA.
Workers may also exposed to methyl isobutyl ketone (MIBK) and toluene used in the mixture of raw materials 22) . Sixteen samples from the workplace showed toluene concentration ranged from 2.5 ppm to 42.0 ppm, while MIBK ranged from 0.42 ppm to 6.39 ppm 22) .
Stratified by gender, the female workers were exposed to higher concentration of EGEEA than male workers. This result implied that screen-cleaning work using EGEEA as cleaning solvent may expose to high concentration of EGEEA. It was also noticed that the exposure level in manual printing lines was higher than that in automatic printing lines.
The distribution of characteristics among study subjects
The distribution of characteristics among study subjects is listed in Table 1 . There were no differences between the high and low exposure groups in the distribution of age, gender, duration of work, marital status, personal habits and smoking status. Since the criteria for hepatic abnormalities are varied between genders, thus the analysis in this study was stratified by gender. Table 2 shows the results of liver and renal function test. There was no significant difference between high and comparison groups in AST, ALT, γGT and ALP. The mean values of AST, ALT and ALP in exposed group were higher than in comparison group, but the differences were not statistically significant. The mean values of γGT in exposed group were lower than that in comparison group, but the differences were not statistically significant. There was also no significant difference between high and comparison groups in BUN and creatinine. A multiple linear regression was applied to investigate the difference between exposed and comparison groups after adjustment for confounders, e.g. age, body mass index, alcohol drinking, hepatitis B status, and drug history. After adjustment for these confounders (Table not shown), the values of AST, ALT and γGT in the exposed group were higher than in the comparison group, but the differences were still not statistically significant for both males and females. In addition, no significant increasing trend was noted for AST, ALT and γGT values on the different air EGEEA concentrations (Table not shown) . There was also no significant difference between high and comparison groups in BUN and creatinine (Table not shown).
Hepatic effects of EGEEA
The cut-points of abnormal values for AST, ALT, γGT, and ALP were set at 40 U/L, 40 U/L, 70 U/L, and 150 U/L, respectively, according to the reference values of our biochemical laboratory. The distribution of abnormal values in liver function for male and female workers is shown in Table 3 . The proportions of abnormal values for AST, ALT and ALP in the high exposure workers were not statistically significant higher than those in low-exposure comparison group in both male and female workers, while the abnormal proportion γGT in the high exposure workers was not statistically significant lower than that in the low-exposure comparison workers.
A multiple logistic regression was applied to determine the risk ratio between the high exposure and comparison groups after adjustment of previously-mentioned confounders. After adjustment, the odds ratios for abnormal AST, ALT, and γGT were still not statistically significant (Table not shown) .
Two years follow-up of liver function
Two years after the first survey, the shop was rebuilt and relocated into the new building, we visited the silkscreening shop again. We found the shop air concentration has been increased (Three samples from automatic printing line showed that the mean air EGEEA concentration was 29.16 ppm, with range from 14.63 to 33.68 ppm. Thirteen samples from manual printing line showed that the mean air EGEEA concentration was 32.81 ppm, with range from 18.87 to 37.28 ppm). So we investigate the liver function profiles of these workers. A GEE model was used to compare the changes of liver function between high and comparison groups (Table 4) . After adjustment for BMI, cholesterol, HBsAg and age, the changes of AST, ALT, and γGT in high exposure group was smaller than in low exposure group (negative in group coefficients). But the differences of changes of liver function were not statistically significant.
Discussion
The usefulness of ethylene glycol ethers (EGEs) and theirs acetates derivatives can be attributed to their physical properties, particularly their miscibility or high solubility in water and other organic solvents, and their low vapor pressures. Most of ethylene glycol ethers (EGEs) are used in coating industries 7, 8, 13) . EGME and EGEEA are two widely used representatives of EGEs family. In Taiwan and other Asian country, EGME is used as major solvent in the semiconductor copper laminate circuit board-manufacturing industry 10, 23) . EGEEA is used especially in the silk screening shop as a diluent or detergent 8, 9) . Our previous study found no 2-EGEEA was detected in the 17 fixed point samples obtained from the photosensitising, design, product compiling, and cutting rooms, as well as the administrative office. Therefore, this study did not recruit another non-exposed group in addition to low exposure group 9) . The results of hepatic effects of EGEs have been limited, inconsistent, and thus inclusive. Hepatic effects of EGEs on lab animals such as increased liver weights, reduced serum proteins, along with no or minimal histological change of liver history have been reported in certain studies in which different animals were exposed to EGME or EGEE at levels more than 300 ppm for 13 wk 6, 15, 24, 25) . Kawamoto et al. found that EGME treatment significantly increased the serum γGT level with a dose-response relation 16) . The 5-d and the 20-d administration in Wistar male rats increased γGT activity 1.9 times and 4.5 times respectively. EGME treatment increased the γGT activities in the liver and lungs, the inducibility in the liver was 216% for the 5-d treatment and 460% for the 20-d treatment respectively. However, the HE stain of liver section did not show either an increase in the level of cell proliferation or disorder in the lobular architecture of the liver 16) . In addition, the activities of three other liver profiles (ALT, AST, ALP,) in serum were not altered by EGME treatment 16) . Comparative toxicity studies with three glycol ethers, EGME, EGEE and EGBE, were conducted in F344/N rats and B6C3F1 mice in both 2-wk and 13-wk drinking water studies. A minimal cellular degeneration and cytoplasmic alteration were noted in the liver of male and female rats treated with EGBE, but not with EGME and EGEE treatment 23) . AST activities were also not altered in one study which Wistar male rats were exposed by inhalation to 50, 100 or 400 ppm of ethylene glycol monomethyl ether (EGME) for 1 to 2 wk 26) . The dosage, routes of exposure (oral, dermal, inhalation), interspecies (mice, rat, rabbit) difference might make the difference among studies.
The toxicity of EGEs may also be due to the difference of underlying metabolic pathway, instead of the similarity of structure. For instance, the similar hepatic effects between EGME and EGEEA are result from their similar metabolism pathway 6) . They are metabolized by two major pathways 6) . One involves alcohol and aldehyde dehydrogenase, resulting in the production of methoxyacetic acid (MAA) and 2-ethoxyacetic acid (EAA). The other competing pathway involves an Odealkylation reaction, producing the formaldehyde and aldehyde and ethylene glycol. Ethylene glycol can be further metabolized to glycolate by alcohol/aldehyde dehydrogenase enzymes. Kawamoto et al. found that EGME treatment significantly increased the serum γGT level with a dose-response relation 16) . Kawamoto et al. reported that EGME treatment induced hepatic alcohol dehydrogenase activity and diEGME induced hepatic cytochrome p-450 27) . It was suspected that EGME/EGEEA induces hepatic γGT activity because they and their metabolite, ethylene glycol, are substrates of alcohol/aldehyde dehydrogenase enzymes 6, 18, 26) . On the other hand, it was suspected that the enzyme which takes part in the metabolism of diEGME, a structural homologue of EGME, is different from that of EGME 16) . Miller et al. also found that difference in routes of metabolism is the underlying basis for the remarkably different toxicological properties of EGME and PGME 15, 21) .
γGT is a membrane-bound enzyme that catalyzes the transfer of the γ-Glutamyl moiety of glutathione and other glutamyl peptides to a variety of amino acids. It is well known that both serum and hepatic GGT activities increase in patients with chronic alcoholism 28, 29) . Also, some hepatotoxic substances also induce the hepatic GGT activity 30) . This study also found a very low proportion of abnormal GGT in EGEEA-exposed workers (3.7%), compared to 10.5% in the comparison group. This abnormal proportion in the exposed group was not significantly different from that in the comparison group. The reason may be the result of lower proportions of alcohol drinkers in the exposed group (44.8%) than in the comparison group (47.5%). This epidemiological study did not support the observation that EGEEA induced GGT in animal study.
In this present study, there were no statistically significant differences in liver function profiles between high exposure and comparison groups. Using different statistical methods, we still found the results are robust. These findings are in agreement with the results of previous reports of animal studies 16, 23, 27, 29) . We further evaluate the difference in liver function profile two years after the first survey by using GEE model which could not identify any change despite increasing in air concentration of EGEEA. In addition, since the combined exposure to some chemicals might result in a potentiated hepatotoxicity 31) , we did not find a potentiation of hepatic dysfunctions of methyl isobutyl ketone (MIBK) and toluene used in the mixture of raw materials. Our recent study found that EGME was neither a hepatotoxin nor an inducer of γGT in two copper-clad laminate-manufacturing factories 20) . Thus, the data reported here, together with data from previous animal studies and report from our EGME field study, indicate that biochemical indices (ALT, AST, ALP, γGT) of hepatic injuries might not be caused by EGEEA exposure or other concomitant chemical exposure. However, this study is limited by its lacking of biological monitoring data for generalization. We also did not check the status of HCV, EB virus infection between two different exposure groups. The prevalence of hepatitis C is 3-4% in Taiwan; therefore the confounding effect due to hepatitis C will not be large enough to affect the results 32) . In contrast to this, the EB virus antibody was not checked in this study because more than 90% residents of Taiwan are first infected with EBV in early childhood, and IgG antibodies against EBV capsid antigen persist for at least decades and probably for life 33) .
Experimental studies indicate that skin absorption rather than inhalation is the major route of exposure to EGEEA 9, 10) . Although EGEEA did not elaborate hepatic dysfunction in this study, but EGEEA has been found to be a hematological toxin 9, 10) . In addition to installation of slot ventilation and general ventilation, reducing exposure through avoidance of direct dermal exposure to 2-EEA by wearing rubber gloves is an important protective measure in this kind of industry.
